Introduction
============

The undue influence of shape and weight on self-evaluation is a core feature of anorexia (AN) and bulimia nervosa (BN; [@B1]), and also a clinical feature of individuals with binge eating disorder (BED; [@B21]). Another aspect of body image is body dissatisfaction. Body dissatisfaction represents a negative evaluation of one's own body including shape and weight ([@B20]; [@B62]). It is further considered a major risk factor for the development of eating pathology ([@B62]; [@B61]) as it predicts higher levels of dieting and unhealthy weight control behavior ([@B44]). Moreover, body dissatisfaction is a crucial factor for eating disorder maintenance (see [@B60] for a review) and relapse ([@B17]; [@B30]; [@B40]). Therefore, it is clinically relevant to understand the underlying mechanisms of body dissatisfaction in order to develop more effective prevention programs.

Although body dissatisfaction is not exclusively a problem in women, it has been shown that women report higher levels of body dissatisfaction than men ([@B7]; [@B9]; [@B47]) and furthermore a significant proportion of women are dissatisfied with their own body ([@B15]). Taking into consideration that women have a higher risk for developing an eating disorder, especially AN and BN ([@B59]), it is important to set the focus on this group in body dissatisfaction research.

Cognitive theories propose that body dissatisfaction stems from activation of the negative cognitive and affective components of the body schema ([@B67]; [@B73]). Accordingly, this body schema is activated by confrontation with body-related information (e.g., a mirror or internal reminders of body-related situations) and, as a consequence, directs individuals' attention to (but also memory and interpretation of) body-related cues. At the behavioral level, such distortions in the information processing stream are observable as body checking or avoidance of certain body parts, but also pathological eating behavior ([@B73]).

Empirical evidence conducted both in the subclinical (for a review see [@B51]) as well as the clinical domain (for reviews see [@B35]; [@B29]) indeed supports the presence of attentional biases when processing self and other bodies as well as body parts, albeit with some inconsistencies. In non-clinical samples, higher levels of body image concerns and drive for thinness were associated with increased attention toward unattractive body parts of one's own body ([@B28]; [@B52]) and others' body parts that are related to weight gain ([@B23]). Furthermore, women with high levels of body dissatisfaction showed increased attention toward thin and fat bodies ([@B19], [@B18]). By contrast, other studies conducted with women with high levels of body dissatisfaction or drive for thinness yielded evidence of attentional avoidance of other bodies ([@B36]), their own body ([@B26]) and especially of critical body parts that are indicative of a person's weight ([@B27]).

Similar conflicting findings have also been reported for the clinical domain. In AN, one study indicated an attentional bias toward images of thin and fat bodies ([@B45]), while others reported a hypervigilance for body parts (of others) often indexed as unattractive ([@B24]). Further, in studies that assessed the processing of one's own body, women with AN (compared to controls) were characterized by a shorter gaze duration ([@B69]), but also longer and more frequent gazes toward negatively valenced body parts ([@B16]; [@B66]; [@B4]).

While the considerable methodological variability in the measurement of attentional processes certainly makes a comparison of the respective studies challenging, research so far has mostly neglected possible state factors implicated in body-related information processing. Indeed, cognitive models emphasize that state factors, especially those that activate weight concerns (or reduce these), might cause body image to worsen (or improve) ([@B73]). While some studies observed significant effects of mood on the attentional processing of one's own body ([@B66]; [@B64]), a completely neglected factor in this context has been the possible influence of the female menstrual cycle and thus sex hormone fluctuations, even though evidence suggests that perceived attractiveness and body dissatisfaction is highly influenced by the menstrual cycle (e.g., [@B8]; [@B22]; [@B13]).

Simply put, the menstrual cycle is separated into the follicular and the luteal phase. The follicular phase includes the first half of the cycle, from menstruation to the day prior to ovulation. The luteal phase refers to the second half of the cycle, from ovulation to the last day before the next menstruation ([@B74]; [@B2]; [@B57]). During the menstrual cycle, women are exposed to large fluctuations in sex hormones ([@B56]). While the follicular phase is characterized by a low concentration of progesterone and a slow rise of the estradiol level with its peak before ovulation, the luteal phase consists of a rise in progesterone and a moderately high estradiol level. The luteal phase initiates with ovulation, which marks the most fertile time (about 2 to 4 days) of the female menstrual cycle. At the hormonal level, it is initiated by a quick rise of the luteinizing hormone (LH) ([@B63]). These hormonal fluctuations are related to different physical changes, such as water retention, increased appetite, and changed autonomic reactivity ([@B42]; [@B3]). In addition to these physical reactions, a number of psychological changes occur, including increased negative affect and mood as well as augmented reward sensitivity (for a review see [@B63]).

Related to the concept of body dissatisfaction, women were shown to feel more physically attractive in the follicular phase, close to the time of ovulation, than in the luteal phase ([@B22]; [@B13]). Additionally, female faces have been judged more attractive on photographs that were taken during ovulation than photographs taken during the luteal phase ([@B50]).

Taken together, first evidence suggests that both self and other perceived attractiveness is affected by the menstrual cycle and is highest during the most fertile phase, i.e., ovulation. With regard to body dissatisfaction, studies reported reduced dissatisfaction with one's own body during the follicular relative to the luteal phase ([@B8]; [@B48]). Supposedly, this difference is dependent on the progesterone level, which is low in the follicular and high in the luteal phase ([@B48]).

In summary, fluctuations in sex hormones during the menstrual cycle have been shown to be implicated in self-reported perceived attractiveness and body dissatisfaction. On this background, conflicting findings reported by previous studies on attentional biases may be partly explained by the lack of controlling for the impact of the menstrual cycle.

Therefore, the aim of the present study was to test whether the menstrual cycle is associated with a dysfunctional attention allocation toward the self-defined most attractive and unattractive region of one's own body. To this end, eye movements were recorded twice during a short mirror exposure task in naturally cycling (NC) women and women using hormonal contraceptives. One session was held during the high fertility days in the middle of the cycle where ovulation takes place and progesterone is low. The other session was conducted during the low fertility days in the late luteal phase when progesterone is high. Women who used HC (oral contraception or vaginal contraceptive ring) served as control group, as for them estradiol and progesterone levels across the cycle are relatively constant ([@B49]).

We expected that NC women would feel less attractive during the late luteal phase and would show longer and more frequent gazes toward their most unattractive body part relative to the most attractive. In contrast, during ovulation NC women were expected to feel more attractive and show shorter and less frequent gazes toward their most unattractive body part and more toward their most attractive. For the HC taking women we expected no gaze difference between the two testing sessions due to the restricted fluctuation of sex hormones.

Materials and Methods {#s1}
=====================

Participants
------------

A group of 37 female students of the local University participated in the study. Participants were recruited by means of University announcements and Email. Two participants had to be excluded because of technical problems during the lab session. Thus, a sample of 35 women remained. Sixteen of them were naturally cycling and had an ovulatory cycle (NC Group) whereas 19 of them used combined oral contraceptives or a vaginal contraceptive ring \[HC (hormonal contraceptives) Group; 16 taking oral contraceptives\].

The inclusion criterion for the NC Group was no HC for at least 6 months and for the HC Group HC for at least 6 months. Exclusion criteria for both groups included a current or lifetime diagnosis of an eating disorder (self-report), a body mass index (BMI) outside the normal weight range according to the World Health Organization (WHO), defined as \<18.5 and \>24.9 ([@B72]) and a current or past pregnancy ([@B11]).

The mean (*M*) cycle length of the women in the NC Group was 28.43 \[standard deviation (*SD*) = 3.96\] days and mean time of HC in the HC Group was 43.33 (*SD* = 23.69) months. The mean age of the sample was 20.77 (*SD* = 2.12) years (range: 18 to 27 years). Both groups did not differ in age, BMI, depression scores and body dissatisfaction, as measured by the Beck Depression Inventory (BDI; [@B6]) and the Body Shape Questionnaire (BSQ; [@B12]), respectively. There was, however, a significant group difference for relationship status, with the HC Group containing more participants in a committed relationship than in the NC Group (see [Table 1](#T1){ref-type="table"} M, SD and statistics).

###### 

Sociodemographic information of women in the NC Group and the HC Group.

  --------------------------------------------------------------------------------------------------
                        NC Group\            HC Group\             *Test statistics*     *p*
                        *N* = 16\            *N* = 19\                                   
                        *M* (*SD*)           *M* (*SD*)                                  
  --------------------- -------------------- --------------------- --------------------- -----------
  Mean age (years)      20.69 (2.39)         20.84 (1.92)            *t* (33) = --0.21   0.833

  BMI (kg/m^2^)^1^      20.98 (2.14)         21.47 (1.78)            *t* (25) = --0.63   *0.537*

  BDI-II                   5.69 (6.22)          4.68 (5.05)        *t* (33) = 0.53       *0.601*

  BSQ                      56.50 (15.28)        54.26 (12.00)      *t* (33) = 0.49       *0.631*

                                                                                         

                        ***N* (%)**          ***N* (%)**           **χ^2^**              ***p***

                                                                                         

  Relationship status                                                                    

  single                       11 (68.75)              6 (31.58)   χ2 (1) = 4.80         0.**044**

  mated                          5 (31.25)           13 (68.42)                          

                                                                                         
  --------------------------------------------------------------------------------------------------

BMI, Body Mass Index; BDI-II, Becks Depression Inventory; BSQ, Body Shape Questionnaire.
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Eight participants did not provide details about height and weight.

The study was approved by the Ethics Committee of the Medical Faculty of the University and the University Hospital of Tübingen and written informed consent was obtained from all participants. Participants were remunerated either by course credits or with ten euro.

Questionnaires
--------------

The following self-report measurements were administered: (1) The BSQ; [@B12]; German Version: [@B70]) is a reliable and valid measure assessing body dissatisfaction, with high scores for internal consistency and split-half reliability \> 0.90 ([@B46]). Each item \[e.g., "Have you been afraid that you might become fat (or fatter)?"\] is scored 1 to 6 with "never" = 1 and "always" = 6. The overall score is the sum of all 34 item scores and higher scores represent higher body dissatisfaction. Internal consistency in the present sample was high with Cronbach's alpha (α) = 0.94. (2) The Beck Depression Inventory (BDI-II) was used to assess severity of depression ([@B6]; [@B33]). This questionnaire is a widely used instrument to assess the severity of depression with high scores for internal consistency (α \> 0.80) and retest reliability (*rtt* \> 0.60). It contains 21 items, with each item scored on a scale value of 0 (e.g., "I do not feel sad") to 3 (e.g., "I am so sad or unhappy that I can't stand it"). Internal consistency for the present sample was high with α = 0.87. (3) The Positive and Negative Affect Scale (PANAS, [@B71]; [@B32]) was used to assess participants' mood prior to the mirror task. It is a reliable and valid measure to assess positive and negative affect with high scores for internal consistency (α \> 0.80). The scale consists of 20 adjectives (10 positive, e.g., "inspired" and 10 negative, e.g., "upset") being rated from "very slightly or not at all" = 1 to "extremely" = 5. Separate subscales were calculated for positive and negative affect. Internal consistency for the present sample was borderline acceptable for the two subscales with α \> 0.68. (4) Two 10 cm visual analog scales (VAS) anchored "not at all attractive" and "extremely attractive" were used for the assessment of momentary self-perceived attractiveness ([@B13]). The items were "At the moment I feel..." and "At the moment potential partners find me...." Participants filled in these items prior to each mirror task. (5) A ranking for participants' own body parts (shoulders, arms, hands, décolleté, breast, stomach, hips, and thighs) from most unattractive ( = 1) to most attractive ( = 8), was used to identify the most attractive and the most unattractive body part for each participant.

Procedure
---------

Interested women were prescreened via telephone and invited for participation if none of the exclusion criteria were reported. Every participant was scheduled to come to the lab for two sessions -- one on an expected high fertility day at mid cycle and one on an expected low fertility day at the cycle end. Prior to the lab sessions, order of testing (mid cycle vs. cycle end) was counterbalanced across groups.

### Assessment of Menstrual Cycle Phase in NC Women

To ensure accuracy of the menstrual phase, NC women were instructed to contact the investigator on the first day of their menses following the first phone contact, and contact her again on the first day of their next menses in order to determine the length of their menstrual cycle. Thus, one cycle was monitored before inclusion in the study. Based on this information, participants were handed six LH test strips (One Step^®^ Ovulation Tests at 20 mlU/mL) 4 days before the expected ovulation to determine the exact day of ovulation. Participants used the tests at home and were instructed to call when a LH surge was detected (positive LH test). The lab session took place within the following 48 h. The session during the late luteal phase (cycle end) took place 10--12 days after ovulation, i.e., 4 to 2 days prior to their next menses.

### Assessment in the HC Group

As HC impedes ovulation ([@B49]), lab sessions for HC women were scheduled at the 14th to 16th day of the cycle (similar to ovulation at mid cycle) and the 24th to 26th day (similar to late luteal phase at cycle end) in counterbalanced order.

The procedure of the two lab sessions was identical for both groups. At the beginning of each session, participants filled in the PANAS and the VAS to assess current mood and current self-perceived attractiveness, respectively. They then changed into standardized underwear (beige top and panties) and were instructed to stand in front of a closed mirror (distance 1.2 m) wearing the eye tracking device (following the procedure utilized by [@B66]). SensoMotoric Instruments' (SMI) wearable eye tracking glasses were used, which are similar in appearance to regular glasses, with a scene camera that captures the scene in front of the participant and two infrared cameras looking at the participant's eyes and estimating their gaze location.

Following calibration, the mirror was uncovered, eye movement recording was started and participants were instructed to look at their body for 3 min in the absence of the investigator. After 3 min, the investigator came back, covered the mirror, stopped the recording and removed the eye tracking glasses.

Following the second session, participants completed the ranking of their body parts. Between the two lab sessions participants were asked to fill in a sociodemographic questionnaire, the BSQ and the BDI-II via the online survey tool Unipark (by Questback©).

Data Preprocessing
------------------

The recorded eye tracking data was preprocessed with the SMI analysis program BeGaze. A region analysis was used. Every fixation was mapped on a reference view consisting of a picture of a female silhouette. After that, areas of interest (AOIs) for shoulder, arms, hands, décolleté, breast, stomach, hips, and thighs were defined and fixation durations and fixation frequency for the AOIs were calculated and set into relation to the total fixation duration and frequency within the 3-minute measure. For each participant only the body parts defined as the most attractive and the most unattractive were considered for the analysis. The dependent variable here was therefore the proportion of fixation duration and frequency for the most attractive and unattractive body part of the total fixation time and frequency (during the 3 min measurement).

Statistical Analyses
--------------------

Data analysis was carried out using the Statistical Package for the Social Sciences (SPSS, Version 25). Differences between the groups in sociodemographic variables (e.g., age, BMI, etc.) were analyzed using two-sample *t*-tests for independent samples. For the categorical data, Chi --Square tests were used. In order to ensure that the two groups did not differ in mood prior to the mirror task a Cycle (mid cycle vs. cycle end) × Group (NC Group vs. HC Group) mixed analysis of variance (ANOVA) for the positive and negative scale (PANAS) was calculated. For the attractiveness ratings, again a mixed ANOVA with Cycle and Group as factors was conducted.

The gaze data was analyzed using a mixed ANOVA with the within-subject factors Body Region (most attractive vs. most unattractive) and Cycle (mid cycle vs. cycle end) and the between-subjects factor Group (NC Group vs. HC Group). To disentangle significant interaction effects, subsequent ANOVAs and groupwise paired *t*-tests were performed. Given directional hypotheses ([@B31]; [@B54]), one-tailed *t*-tests were applied. In all of the analyses, the significance level was *p* = 0.05. For significant results, effect sizes were calculated (partial eta squared or Cohen's *d*). The assumption of normality was satisfied in both groups for the gaze data (Kolmogoroff--Smirnoff *p*s \> 0.07) and the attractiveness VAS rating (Kolmogoroff--Smirnoff *p*s \> 0.80).

Results
=======

Mood Assessment Prior to Mirror Exposure
----------------------------------------

Groups did not differ in positive and negative affect prior to the mirror exposure at the two time points (Interaction Group × Cycle: Positive affect: *F* (1,33) = 2.19, *p* = 0.149, $\eta_{\mathit{P}}^{2}$ = 0.03; Negative affect: *F* (1,33) = 0.09, *p* = 0.386, $\eta_{\mathit{P}}^{2}$ \< 0.01). See [Table 2](#T2){ref-type="table"} for means (*M*) and standard deviations (*SD*).

###### 

Means (standard deviation) for the positive and negative affect, measured with the PANAS prior to the mirror task.

  ----------------------------------------------------------------
                    NC Group\        HC Group\      
                    *M* (*SD*)       *M* (*SD*)     
  ----------------- ---------------- -------------- --------------
  Positive Affect   high fertility   30.44 (6.55)   30.32 (6.64)

                    low fertility    27.25 (5.22)   29.79 (5.78)

  Negative Affect   high fertility   12.94 (2.54)   12.11 (2.18)

                    low fertility    13.13 (2.68)   12.11 (1.88)

                                                    
  ----------------------------------------------------------------

PANAS, Positive and Negative Affect Scale.

Attractiveness Ratings
----------------------

The 2 (Group) × 2 (Cycle) mixed ANOVA for the self-rated attractiveness yielded no significant main effect of Cycle \[*F* (1,33) = 0.28, *p* = 0.300, $\eta_{\mathit{P}}^{2}$ \< 0.01\], but a significant main effect of Group \[*F* (1,33) = 3.48, *p* = 0.036, $\eta_{\mathit{P}}^{2}$ = 0.10\] and a significant interaction of Group × Cycle, *F* (1,33) = 3.02, *p* = 0.046, $\eta_{\mathit{P}}^{2}$ = 0.08. As depicted in [Table 3](#T3){ref-type="table"}, self-rated attractiveness from mid to end of cycle decreased in the NC women and increased in the HC women, however, these changes were not significant in either group \[NC women: *t* (15) = 1.26, *p* = 0.113, *d* = 0.42; HC women: *t* (18) = -1.16, *p* = 0.131, *d* = -0.24\]. The difference in the attractiveness rating between the groups was not significant at mid cycle, *t* (33) = -0.56, *p* = 0.288, *d* = -0.28, but at cycle end the HC Group reported higher self-rated attractiveness than the NC Group, *t* (33) = -2.67, *p* = 0.006, *d* = -0.91.

###### 

Means (standard deviation) for the attractiveness VAS ratings for mid cycle and cycle end in dependence of group membership.

  -------------------------------------------------------------------------------
                                     NC Group\        HC Group\     
                                     *M* (*SD*)       *M* (*SD*)    
  ---------------------------------- ---------------- ------------- -------------
  VAS Item: "At this moment I feel   high fertility   5.43 (1.84)   5.76 (1.70)

  ... attractive"                                                   

                                     low fertility    4.76 (1.32)   6.12 (1.46)

  VAS Item: "At this moment          high fertility   5.84 (1.61)   6.52 (1.81)

  potential partners find me..."                                    

                                     low fertility    4.79 (1.44)   6.96 (1.50)

                                                                    
  -------------------------------------------------------------------------------

VAS, Visual analog scale.

The mixed ANOVA on the attractiveness rating regarding potential partners revealed no significant main effect of Cycle \[*F*(1,33) = 0.78, *p* = 0.192, $\eta_{\mathit{P}}^{2}$ = 0.01\], but a significant main effect of Group \[*F* (1,33) = 11.16, *p* \< 0.001, $\eta_{\mathit{P}}^{2}$ = 0.26\], with higher ratings in HC women, and a significant interaction of Group × Cycle, *F*(1,33) = 4.60, *p* = 0.020, $\eta_{\mathit{P}}^{2}$ = 0.12. Group-wise paired *t*-tests disentangling the significant interaction showed that NC women rated their attractiveness for potential partners higher at mid cycle than at the cycle end, *t*(15) = 2.03, *p* = 0.030, *d* = 0.69. Notably, ratings did not differ in terms of time in HC women, *t*(18) = -0.94, *p* = 0.180, *d* = -0.26. Again the difference in the attractiveness rating between the groups was not significant at mid cycle, *t*(33) = -1.17, *p* = 0.126, *d* = -0.58, but at cycle end the HC Group reported higher self-rated attractiveness than the NC Group, *t*(33) = -3.83, *p* \< 0.001, *d* = -1.31. See [Table 3](#T3){ref-type="table"} for means (*M*) and standard deviations (*SD*).

Gaze Data -- Duration
---------------------

The 2 (Group) × 2 (Body Region) × 2 (Cycle) mixed ANOVA for gaze duration showed no significant main effects of Group (*F* (1, 33) = 0.94, *p* = 0.170, $\eta_{\mathit{P}}^{2}$ = 0.03) and Cycle \[*F*(1,33) = 1.79, *p* = 0.095, $\eta_{\mathit{P}}^{2}$ = 0.05\], but a significant main effect of Body Region \[*F* (1,33) = 22.58, *p* \< 0.001, $\eta_{\mathit{P}}^{2}$ = 0.41\], as all participants gazed longer toward their most unattractive in relation to their most attractive body part. Moreover, a significant interaction of Group × Body Region \[*F* (1,33) = 13.51, *p* \< 0.001, $\eta_{\mathit{P}}^{2}$ = 0.29\], and a significant 3-way interaction of Group × Body Region × Cycle, *F* (1,33) = 5.40, *p* = 0.013, $\eta_{\mathit{P}}^{2}$ = 0.14, emerged (see [Figure 1](#F1){ref-type="fig"}). There were no other significant interactions (all *F*s \< 1.80, all *p*s \> 0.100).

![Fixation duration for the most unattractive and most attractive body part in relation to the total fixation duration within the mirror exposure for the NC (natural menstrual cycle) Group and the HC (hormonal contraceptive) Group at mid cycle and cycle end.](fpsyg-10-00851-g001){#F1}

To disentangle the 3-way interaction, a groupwise 2 (Cycle) × 2 (Body Region) ANOVA was conducted. For NC women this yielded no significant main effects (all *F*s \< 2.30, all *p*s \> 0.100, all $\eta_{\mathit{P}}^{2}$ \< 0.130), but a significant interaction of Body Region × Cycle, *F* (1,15) = 3.66, *p* = 0.038, $\eta_{\mathit{P}}^{2}$ = 0.20, whereby participants spent more time looking at the most unattractive relative to the most attractive part at the cycle end \[*t*(15) = -1.92, *p* = 0.037, *d* = 0.63\], while there was no such difference at mid cycle \[*t*(15) = 0.12, *p* = 0.453, *d* = 0.02).

For HC women analysis yielded a significant main effect of Body Region \[*F*(1,18) = 43.43, *p* \< 0.001, $\eta_{\mathit{P}}^{2}$ = 0.71\], whereby participants spent more time looking at the most unattractive than at the most attractive part, *t*(18) = -6.59, *p* \< 0.001, *d* = 1.86. There was, however, no significant interaction \[*F*(1,18) = 1.91, *p* = 0.092, $\eta_{\mathit{P}}^{2}$ = 0.10\] or main effect of Cycle \[*F*(1,18) = 0.14, *p* = 0.358, $\eta_{\mathit{P}}^{2}$ = 0.01\].

Gaze Data -- Frequency
----------------------

The 2 (Group) × 2 (Body Region) × 2 (Cycle) mixed ANOVA for the gaze frequency resulted in a significant main effect of Body Region \[*F*(1,33) = 17.25, *p* \< 0.001, $\eta_{\mathit{P}}^{2}$ = 0.34\] and Cycle \[*F*(1,33) = 4.18, *p* = 0.025, $\eta_{\mathit{P}}^{2}$ = 0.11\], but no main effect of Group \[*F*(1,33) = 0.56, *p* = 0.230, $\eta_{\mathit{P}}^{2}$ = 0.02\]. Moreover, a significant 2-way interaction of Group × Body Region \[*F*(1,33) = 10.49, *p* = 0.002, $\eta_{\mathit{P}}^{2}$ = 0.24\] and a significant 3-way interaction of Group × Body Region × Cycle, *F* (1,33) = 5.83, *p* = 0.011, $\eta_{\mathit{P}}^{2}$ = 0.15, emerged (see [Figure 2](#F2){ref-type="fig"}). No further interaction reached significance (all *p*s \> 0.082).

![Fixation frequency for the most unattractive and most attractive body part in relation to the total fixation frequency within the mirror exposure for the NC (natural menstrual cycle) Group and the HC (hormonal contraceptive) Group at mid cycle and cycle end.](fpsyg-10-00851-g002){#F2}

To disentangle the 3-way interaction, additional 2 (Cycle) × 2 (Body Region) ANOVAs were performed. For NC women no significant main effects of Body Region \[*F*(1,15) = 2.56, *p* = 0.065, $\eta_{\mathit{P}}^{2}$ = 0.15\] and Cycle \[*F*(1,15) = 0.34, *p* = 0.285, $\eta_{\mathit{P}}^{2}$ = 0.02\] occurred, but a significant interaction of Body Region × Cycle, *F*(1,15) = 7.44, *p* = 0.008, $\eta_{\mathit{P}}^{2}$ = 0.33. Subsequent paired *t*-tests showed that gaze frequency toward the most unattractive relative to the most attractive body part was higher at the cycle end, *t*(15) = -2.27, *p* = 0.020, *d* = 0.73, while there was no such difference at mid cycle, *t*(15) = 0.43, *p* = 0.337, *d* = 0.05. By contrast for HC women, an ANOVA yielded a significant main effect for Body Region, *F*(1,18) = 33.54, *p* \< 0.001, $\eta_{\mathit{P}}^{2}$ = 0.65, whereby participants' gaze frequency was overall higher for the most unattractive relative to the most attractive part. There were no other significant main effects or interactions (all *F*s \< 2.60, all *p*s \> 0.100, all $\eta_{\mathit{P}}^{2}$ \< 0.150).

Discussion
==========

The aim of the present study was to test the association of menstrual cycle phase with the attentional processing of one's own body in a sample of healthy female students. Based on previous results which highlight the impact of the menstrual cycle on self-perceived attractiveness ([@B8]; [@B22]; [@B13]; [@B48]), it was hypothesized that naturally cycling women would show longer and more frequent gazes toward their most unattractive relative to the most attractive body part during the late luteal phase, i.e., last days of the menstrual cycle. A reversed pattern was expected for ovulation (mid cycle). Further, we were interested in whether women who use HC, and thus have comparably stable sex hormone concentrations, would also show time effects. Since the level of sex hormones over the cycle is nearly constant for the HC women ([@B49]), no difference between cycle phase in the allocation of attention toward the most attractive and unattractive body part was expected.

Our hypotheses were partially confirmed. In line with previous studies ([@B22]; [@B13]), naturally cycling (NC) women felt less attractive, especially for potential partners, during the late luteal phase (cycle end) relative to ovulation (mid cycle). Additionally, they gazed longer at and more frequently toward their most unattractive relative to their most attractive body part at the end of their menstrual cycle. Therefore, cycle phase seems to be associated with self-reported attractiveness and gaze pattern toward one's own body in NC women. In particular, the most unattractive body part attracted NC women's attention during the last days of their cycle. The observed association of menstrual cycle phase with gaze patterns toward one's own body could play a role in the explanation of the previously reported inconsistency with regard to gaze patterns. That is, in healthy women some studies yielded evidence of a stronger focus toward unattractive parts of the own body ([@B27]; [@B24]), while others observed a more balanced attention allocation for the most attractive and the most unattractive part of one's own body ([@B16]; [@B66]). However, in all these studies menstrual cycle phase or HC were not controlled and no sex hormone levels were obtained. Consequently, future studies should control for menstrual cycle in the assessment of attentional body-related processes.

Contrary to our hypothesis, female participants were not characterized by a bias toward their most attractive body part at ovulation, although they reported higher levels of self-perceived attractiveness. A possible explanation could be that a balanced gaze distribution toward one's own body reflects body satisfaction on a behavioral level. This would explain why only a few studies in the past found a favoring of the most attractive body part in healthy women (see the review by [@B51]). Possibly, the self-serving bias found in these studies (e.g., [@B28]) could have been fostered by mood, as previous studies have shown mood to significantly influence body-related attentional processing ([@B66]; [@B64]). Alternatively, methodological issues could have contributed to these different result patterns. That is, while studies reporting a balanced gaze pattern in healthy women tested body-related attentional processing exclusively for their own body ([@B16]; [@B66]), studies that reported an attentional self-serving bias ([@B28]) presented participants with both the self and a weight-matched other body. The latter could have instigated stronger social comparison processes, which in turn might have influenced gaze patterns concerning one's own body.

As expected, we did not observe a significant time effect on self-assessed attractiveness and gaze patterns in our HC Group. However, for these women a general bias for the most unattractive body part was shown. Little is known about the influence of HC on body perception but studies suggest that it is associated with a higher risk of depression and a reduction in general well-being ([@B58]; [@B75]). This could explain the more negative view of one's own body, as depression has previously been associated with higher levels of body dissatisfaction ([@B39]). While the investigated groups did not differ in self-reported depression and body dissatisfaction scores, they, however, differed in relationship status. Research has shown that being in a relationship influences the body perception of young women ([@B38]). That is, the longer women are in a relationship with their significant other, the more likely they are to incorrectly believe that their significant other wants them to look thinner. Following this finding from [@B38], although HC women did not report more body dissatisfaction than NC women, their appearance could have been more relevant for them because most of them were in relationships and could thus have increased their perceived pressure to look thin, thus yielding a stronger focus toward disliked body parts. Unfortunately, we did not ask participants about the duration of their relationship and whether they experience more/less perceived pressure to look thin.

Another factor that could explain why HC women showed a general bias for the most unattractive body part could be that the onset of body dissatisfaction and first intake of oral contraceptives is in early to mid adolescence ([@B10]; [@B5]). A relation between these two factors therefore cannot be excluded and should be addressed in future research. In comparison with the natural menstrual cycle, hormonal fluctuations in women on hormonal contraceptives are considerably smaller, particularly in users of combined oral contraceptives where ovulation is prevented. From a developmental perspective, the positive influence of ovulation on self-rated attractiveness and body-related processing could be important for the development of a positive body-related schema in puberty, where several bodily changes take place, among others an increased storage of fat cells, and body dissatisfaction increases ([@B41]). Hence, future studies should test the effects of hormonal contraceptives on body-related attentional processing in adolescence, which is a vulnerable time for the development of many mental disorders, including eating disorders ([@B43]). In our sample the intake time of hormonal contraceptives in the HC Group ranged from 12 to 96 months, hence some of our participants started to take hormonal contraceptives in early to late adolescence whereas some of them took it for only a short period. Due to the small sample size it was not possible to calculate separate analyses for groups with short vs. long intake times.

Notably, the detected effect sizes (partial eta squared) for the observed findings were in the small to medium range. The explained variance was between 11--41% for the main findings. Taken together, the current results are a first indication for an association of the menstrual cycle phase with body dissatisfaction. However, due to the mentioned limitations of the study, replication of the reported findings in larger samples is warranted. In addition, the design of our study was correlational. In order to test whether hormones have a causal effect on the attentional bias observed here, future studies should directly manipulate sex hormone levels for instance by administering estradiol or progesterone. Even though directional hypotheses were derived from theory and previous empirical evidence, future studies are required to replicate these findings in a larger sample with more conservatively conducted two-tailed tests in order to draw more meaningful conclusions. It cannot be ruled out that other uncontrolled state factors additionally affected participants' perception of their own body, e.g., physically activity ([@B68]; [@B34]) or current eating habits ([@B37]). These and other psychological and physical changes within the menstrual cycle could influence body perception. For example, numerous studies have shown that women feel more depressed, show more social withdrawal and are less physically active during the premenstrual phase ([@B55]; [@B53]; [@B14]) compared to the follicular phase. On the other hand, several studies have also found an association between these factors and body dissatisfaction ([@B39]; [@B68]; [@B34]). Hence, given the correlational nature of our design the association and underlying mechanisms between menstrual cycle and attentional body-related processing remains largely unclear. Future studies should therefore include additional factors such as level of physical activity and social connectedness when examining the association between phase of the menstrual cycle and body image parameters.

Several other limitations need to be acknowledged. First the recruitment of women without HC within a student sample was difficult. Most likely, this was associated with a certain student lifestyle and led to a difference in relationship status between the two groups. As being in a committed relationship has previously been associated with body perception ([@B38]), future studies should better control for this factor. Second, our sample was restricted to young and well eductated women; therefore, it is questionable whether the results can be generalized to a wider (female) population. It has been shown that body satisfaction and perception is affected by age ([@B65]), with increased attention toward the most attractive body parts in older women. For example, it was reported that older adults show a preference for positive stimuli in visual attention ([@B25]). Therefore, age could be a relevant factor for the attention toward differently valued body parts. Third, the level of trait body dissatisfaction was low in our groups, which makes generalizing to at-risk or eating disordered groups difficult. Finally, we did not directly assess sex hormone levels, thus no conclusion on how estradiol and progesterone contributed to the observed effects can be drawn.

These limitations notwithstanding, the heterogeneous results that have been observed in the field of attentional bias and body image ([@B51]; [@B29]) together with the present results suggest that state factors such as the menstrual cycle should receive more attention in future research on automatic body-related processing. It remains unclear whether the influence of menstrual cycle phase is also relevant in the body dissatisfaction of women with eating disorders or women with high levels of body dissatisfaction. This should therefore be addressed in future studies. Should the current findings be replicated, they could have potential implications for interventions designed to enhance body image, such as optimizing the use of mirror image exposure by aligning its use with the phase of the menstrual cycle.
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